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Abstract 
We present the first laser doped interdigitated back contacted solar cells with 22.0%. The cell area is 
2 x 2 cm2, and contains the metallization of both busbars. The high flexibility and spatial resolution of our laser 
doping process enables local n-type and p-type doping with a precision below 30 μm and avoids any masking 
process. 
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1. Introduction 
Interdigitated back contacted (IBC) solar cells have a high efficiency potential; on an industrial scale 
they have already been produced with efficiencies exceeding 23% [1]. The cell structure requires locally 
patterned n-type and p-type doping on the back side of the cell. Usually, this structuring requires a 
masking with many sub-processing steps. As a consequence, processing is rather complex for this type of 
cells, leading to increased production cost for the cells. Thus, the increased efficiency has to be carefully 
balanced with the cost in order to lower the cost per Wp.  
Our newly developed laser doping process enables local doping of IBC cells without any masking and 
is suitable for n-type and p-type doping. Utilizing the high flexibility and spatial resolution of our laser 
doping process, we fabricate first laser doped IBC solar cells with efficiencies  = 22.0%. In our case, the 
cell area includes the area of the bus bars. 
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2. Experimental 
2.1. Laser doping 
The ipv laser doping process bases on nanosecond pulsed laser induced liquid phase diffusion of 
dopant atoms, such as boron or phosphorus [2-4]. The dopant atoms diffuse from a thin, pre-deposited 
dopant source into the shallow molten surface layer of crystalline silicon. Our laser doped IBC solar cell 
concept uses as dopant sources the phosphorus silicate glass (PSG) from standard POCl3 diffusion and a 
sputtered boron precursor, deposited onto the rear side of the crystalline silicon wafer. Subsequently, a 
pulsed, frequency doubled Nd:YAG-laser with tp  50 ns 
locally irradiates and thereby melts the samples surface under ambient air conditions. Within few 100 ns, 
termination of the laser 
pulse, the silicon melt solidifies and recrystallizes epitaxially. The use of a line focused laser beam with a 
width below 10 μm in short axis prevents defect formation [5,6]. 
2.2. Solar cell process 
Figure 1a shows the process flow of the fully laser doped IBC solar cell. Starting with a one-side 
textured n-type silicon wafer, a sputtering process deposits a thin boron precursor layer on the rear side of 
the wafer. Subsequently, our laser doping process irradiates the p++-type doping pattern on the back side 
of the wafer, forming the emitter. After wet chemical cleaning, an optimized POCl3 furnace diffusion 
forms a lowly doped front surface field (FSF) on both sides of the wafer. A succeeding second laser 
doping process locally irradiates/creates the n++-type pattern on the rear side of the wafer. The laser 
doping utilizes the phosphorus from the phosphorsilicate glass (PSG), grown during the POCl3 diffusion, 
to form the deep and highly n++-doped back surface field regions. Then, wet-chemical cleaning removes 
the PSG and the phosphorus precipitates prior the following thermal oxidation. This oxidation acts as a 
drive-in step for the diffused regions and passivates the surface. The optimized cleaning procedure prior 
the oxidation ensures a phosphorus surface concentration in the emitter region of about one order of 
magnitude lower than the boron surface concentration after the oxidation. Plasma-enhanced chemical 
vapor deposited silicon nitride acts as an anti-reflection coating on the front side and as a reflection 
coating on the rear side of the wafer. A stack of evaporated Ni/Ag contacts the solar cell through the 
lithographically opened SiO2/SiNx stack. In future, this lithography step for the metallization will be 
replaced by our patented laser transferred contact process (LTC) [7]. Finally, an annealing step in forming 
gas atmosphere improves the passivation quality of the SiO2 layer and decreases the contact resistance.  
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2.3. Solar cell results 
Figure 1b presents the design of the completed solar cell with SiO2+SiNx passivation layer on the front 
and on the rear of the cell, the FSF, the emitter, the BSF, the contacts and their pitch. The cells with an 
area A = 2×2 cm² (including the busbars) are fabricated on n-type FZ wafers with a thickness d = 275 μm 
 Table 1 shows the cell results of the best solar cell of run 1 and run 2 with a 
pitch p = 1 mm. The pitch describes the distance in which the line shaped doping structure on the back 
side of the cell repeats. The best cell reaches an  = 22.0%. The short circuit current density 
Jsc  41 mA/cm² indicates a low front surface reflection, a high quality of the FSF, a high bulk lifetime 
and an excellent light trapping. The fill factor FF = 80.3% is limited by insufficient thick metallization 
and therefore increased series resistance as well as the resistance appearing between the line shaped 
contacts, which are located in the center of the BSF and emitter regions. A distributed point contact 
metallization layout would decrease the series resistance between the contacts and thus improve the fill 
factor FF. The increased Auger recombination in the highly doped BSF Rsh,BSF = 15/sq and the contact 
areas limits the open circuit voltage Voc. A reduced BSF doping and a reduction of the contact area of the 
rear side, from now 8.3% to below 2%, will, in future, increase the open circuit voltage. 
 
Table 1. Short circuit current density Jsc, fill factor FF, open circuit voltage Voc  for the best cells of the first two 
runs; the cell area is 4 cm² (including busbars); *certified measurement @ ISE CalLab 
Best cell  
Run 
Jsc 
[mA/cm²] 
FF 
[%] 
Voc 
[mV] 
 
[%] 
1 40.9 80.3 663   21.8* 
2 41.3 79.8 669 22.0 
 
Fig. 1. a) Process flow and b) design of the ipv fully laser doped IBC solar cell. The n++-BSF as well as the p++-emitters are 
fabricated by laser doping without any masking. 
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3. Conclusion 
We have realized the first laser doped IBC solar cells with an efficiency .0%. Our laser 
doping process enables a local n++-BSF as well as a local p++-emitter formation with high spatial 
resolution without the necessity of any masking. Further optimization of the metallization layout and the 
BSF-doping will enable us to boost the solar cell efficiency towards 23%, without the use of external 
busbars. Advanced solar cell concepts will replace photolithographic metallization by our patented laser 
transferred contact process. 
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